From 1986 to 1998, the primary productivity of psammic algae was investigated in the psammolittoral of Lake Piaseczno, a mesotrophic lake. The oxygen method was developed for the direct measurement of primary production of these algae based on light and dark bottles without disturbing the subsoil structure. This productivity was also estimated in an indirect way by measurement of chlorophyll a concentrations. The productivity of phytoplankton was also measured in the same zone. The correlation between the productivity of algae and the concentration of nutrients and major ions in water was calculated. During the study period, the highest production was found in the eupsammon (31.1 to 187.7 Cass·m -2 ·h -1 ), with the hydropsammon being lower (9.6 to 100.6 Cass·m -2 ·h -1 ). For phytoplankton biomass, the numbers were very low, which is typical of pristine lakes. The chlorophyll a concentration during the study period demonstrated a different pattern ranging from 53 mg·m -2 in the hydropsammon to 765 mg·m -2 in the eupsammon. The assimilation number for these communities was always <1. A positive (r >0.4) correlation was found between the primary production of the eupsammon and the psammolittoral phytoplankton, and the concentration of NH4-N, NO3-N, Ntot, PO4-P, Ptot. and K + in the piezometer groundwater. No correlation was found between primary production, chlorophyll a concentration and the concentration of nutrients and major ions in the piezometer groundwater and psammolittoral water.
Introduction
In the 1970s, as part of the IBP program, measurements of productivity of numerous natural and cultivated land, inland water and sea ecosystems were conducted. This brought about unification and stimulated interest in the issues addressed. However, there were some biotopes left, together with the biocenoses populating them, whose primary production was either not determined at all or where only estimates were made. Sandy lake nearshore zones and long beaches with no macrophytes belonged to such biotopes until late 1920s. Due to the poor habitat conditions, they were considered to be completely devoid of life (Zasuchin et al. 1927 , acc. to Lityñski 1952 . Some considered this zone to be devoid of autochthonous organic matter produced by algae, while consumers, e.g. ,psammobiontic rotifers, rely on its external supply (Ejsmont-Karabin 1998) .
The determination of primary productivity of entire phytocenoses is a difficult task which has rarely been addressed. These phytocenoses include microbionts engaging in photosynthesis: soil algae, which populate the land and improve soil fertility, and psammic algae (algae living in sand). The population of the eupsammic algae is found in the sandy border area between the water and the land biotope, referred to as psammolittoral (Wiszniewski 1934) or eulittoral (Lityñski 1952) . They are found both on the surface as well as between grains of sand down to several cm deep in the area not flooded by water or periodically during upwelling. On the other hand, the population of the hydropsammic algae includes epipelic algae, which populate the sandy bottom, and endopelic algae, which are found several cm deep. Apart from photosynthesis and oxygen production, the role of psammic algae, planktonic algae and macrophytes in the ecotone zone is a bridging of the adjacent but very different water and land ecosystems. In addition, they are also fixing considerable quantities of nutrients transported from the catchment area to the lake basin and keeping them for some time in their biomass . These algae are also a source of energy for the trophic chain for decomposers and consumers, including organisms which are typical only of these biotopes, namely, psammobiontic rotifers (Wiszniewski 1934; Radwan 1998) .
In macrophyte-rich eulittoral lakes, psammic algae account for a relatively low percentage of primary production (28%), with periphytonic algae (epiphytic 41%) and hydropsammic and planktonic algae (31%) playing the key part (Pieczyñska 1976) . Research conducted by Wetzel (1964) , Hargrave (1969) , Gruendling (1971) , Kairesalo (1980) , Wasmund and Kowalczewski (1982) , and Björk-Ramberg and Anell (1985) confirmed these observations. Maintaining the species variety on a local and global scale and stabilizing adjacent ecosystems under conditions of extensive human interference are amongst the basic functions of the water-land ecotone zone (Lachavanne 1997; Pieczyñska and Zalewski 1997) .
The measurement of productivity in aquatic ecosystems can be divided into direct methods and physiological methods, which consist mainly of measuring the quantity of CO 2 absorbed or O 2 released in the process of photosynthesis, and indirect methods, e.g., spectrophotometric measurement of chlorophyll a concentration.
In contrast, as their are practically no methods to measure the primary production of eupsammic algae found on the surface of sand or between its grains, it begs the questions as how to determine their primary production and to how to compare it with that of well researched phytoplankton communities in the lake psammolittoral.
The main objectives of this paper were (1) to develop a method for the quantitative measurement of the primary production in eupsammic algae communities in the sandy, shoreline zone; (2) to apply this method in the measurement of primary production of hydropsammic algae community in the sandy, near-shore zone of the lake; (3) to compare the primary production of psammic communities with that of the planktonic algae in the psammolittoral of the lake; (4) to complement the measurement of the primary productivity by using an indirect method to determine chlorophyll a concentration in the algae communities under study; and (5) to determine the correlation between productivity and concentration of nutrients and major ions in piezometer groundwater and psammolittoral lake water.
Study Area
The research was conducted in Lake Piaseczno (23°02'E, 51°23'N), in the Leczna-Wlodawa lakeland, Eastern Poland (Fig. 1 ). This lake district covers an area of 1160 km 2 with 67 lakes and a lake coverage (lake factor) of 2.38%. Lake Piaseczno (10,467·10 3 m 3 ) is the deepest reservoir in the lake district with a maximum depth of 38.8 m, an average depth of 12.6 m, and an area of 84.7 hectares (Wilgat et al. 1991) . Based on the chemical composition, transparency (average of some 5.5 m), pH (7.0-7.6), conductivity, primary production, chlorophyll a concentration and the species composition of phytoplankton and zooplankton, Lake Piaseczno ranks as one of a dozen pristine lakes in Poland; however Brzek et. al. (1975) classified it as a mesotrophic lake.
The catchment area surrounding Lake Piaseczno covers 237 hectares with no surface outlet. The surface of the lake can be divided into three zones, all different both in terms of vegetation and basin development. It appears that during periods of intense rainfall, the catchment area feeds the lake relatively slowly, while in dry periods it releases water into the adjacent areas. On the western side, over a distance of 1377 m (34.9%) there is an adjoining a pine forest. On the northeastern side, a shoreline of 665 m (17.6%) borders a blanket of peatbog, until recently dominated by Carex gracilis. The remaining part of the catchment is largely used as arable land. The soils of the catchment area have a significant affect the chemical composition of the lake. They have a very poor sorption capacity and are fine-grained sand, with a low clay content (Misztal at al. 1998) .
In the period from 1976 to 1984, the zoning designation of the area changed. The area of the lake shrank by 17.7%. In the catchment area of the lake, arable land and orchards were reduced, while bushes and meadows as well as recreation areas increased (the latter by as much as 92%). Some of these are recreational plots of land have permanent summer houses without sewage system, and small vegetable gardens are a dominant feature of the area.
When we conducted our research, the eulittoral margins were free from macrophytes but a ring of these was found in the middle of the eulittoral. In recent years, the area of sandy beaches has shrunk considerably. As suggested by Oleksowicz (1987) replacement of phytocenoses results in the algae and rotifer communities to become the main buffer zone for the nutrients draining from the catchment area Radwan et al. 1998 ).
Materials and Methods
The measurements of gross primary production were conducted from 1986 to 1989, 1993, and 1996 to 1998 , always in the spring, summer and autumn, with a total of 32 field samplings. From 1987 to 1998 chlorophyll a concentrations were determined with a total of 28 field samplings in emerged eupsammic and permanently submerged hydropsammic communities. Similar research on the productivity of phytoplankton communities in the psammolittoral was also conducted for comparison purposes. The location of sampling sites in the lake and on the shore is presented in Fig. 2 .
From 1986 to 1998, an original method was used to measure phytopsammon production, by modified light and dark bottles (Czernas et al. 1990 ). Modified light bottles were colourless, while dark bottles were painted black during the first stage of research ("black bottle method"), and from 1993 onwards, they were painted light brown to simulate the colour of sand ("sand bottle method"). The application of the latter method helped to eliminate the difference between water temperatures in light and dark bottles.
The in situ exposures took place from sunrise to sunset. To facilitate comparison, all results were calculated on a 1 h equivalent basis and are presented in mg of assimilated carbon per unit of area (C ass ·m -2 ·h -1 ). It was assumed (according to Strickland 1960 ) that 1 g of released O 2 translates into 0.312 mg of assimilated carbon. Throughout this paper, the primary production is expressed as gross production, due to the uncertainty of the extent of biological and chemical oxygen consumption.
In order to determine productivity by the indirect method, chlorophyll a concentration was measured in psammic communities, using 0.035 L soil cores, sampled with a glass ring, and 0.25 L of water. Following thorough mixing, a sub-sample of the suspension, 0.15 L in volume was filtered through GF/C Whatman filters. Phytoplankton samples were filtered in the same way, 1 L of volume each. Filters with algae were homogenized and extracted in 90% boiling ethanol. Extracts were stored in dark glass bottles at a temperature of 4-5∞C. Chlorophyll a concentration was measured with the Specol-Zeiss spectral colorimeter in the range of 665 to 750 nm (correcting for phaeophytin), and calculated using the Nusch (1980) formula.
For psammic and planktonic communities the assimilation number, being a ratio of gross primary production (mg C ass ·m -2 ·h -1 ) and chlorophyll a concentration (mg·m -2 ), was calculated. In the same periods, water was also drawn for chemical testing from the piezometer well on the beach and from the eulittoral (Misztal et al.1992; Misztal et al.1998) . NH 4 -N, NO 3 -N, N tot. , PO 4 -P and P tot. were determined, as well as K, Na, Mg and Ca ions, using the methods described by Golterman (1971) .
Each chemical sampling and series of field experiments were performed in triplicate to enable statistical evaluation. Standard deviations (SD), coefficient of variation (V = SD/x•100%) and correlation coefficients (r) between primary production, chlorophyll a and assimilation numbers, and the concentrations of nutrients and major ions in water were calculated. In testing the significance of differences, multiple confidence intervals (L 0,05 ) were employed (Oktaba 1998) .
Absolute values of both primary production and chlorophyll concentration per unit of area (C ass· m -2 ·h -1 , mg Chl·m -2 ) differed significantly from those obtained for substrate volume unit (mg C ass ·L -1 ·h -1 , mg Chl·L -1 ). However, since the changes over successive years were the same for the volume as well as the area, this paper presents the data only per unit of area.
Results

Gross Primary Production in Psammic Algal Communities
The gross primary productivity of the eupsammon measured with the original vessels (black bottle method), showed a significant increase with a 1989 level more than twice that of 1987 (total range 31.1 to 187.7 mg C ass ·m -2 ·h -1 ). The high values of the coefficient of variation indicate a large variability of results. The application of the sandy bottle method resulted in reducing the variation, a greater repeatability of results, and a decrease in primary production. In 1993, the average value of primary production was similar to that of 1986, and in 1998 it was nearly equal to that reported in 1987. During that year, the coefficient of variation (V) at 18% was the lowest. During the period of research, the differences between annual averages were statistically significant -L 0.05 = 50.23 (Table 1a) .
In hydropsammic algae communities, by far the lowest values of primary production were recorded in 1987. They ranged from 9.6 to 18.9 C ass ·m -2 ·h -1 , with the annual average being only 15.94 mg C ass ·m -2 ·h -1 . The figures were similar in 1989, except for one spring result of 80.61 mg C ass ·m -2 ·h -1 , which pushed the annual average up, and the coefficient of variation reached the unusual level of 121.3%. In contrast to the eupsammon, the highest primary production was recorded in 1988 and 1997, 76.4 and 73.9 mg C·m -2 ·h -1 , respectively. The differences between the annual primary production figures were also statistically significant: L 0.05 = 37.075 (Table 1b) .
When comparing the primary production levels for psammic communities and psammolittoral plankton (Table 1c) , the significantly lower primary production figures in the latter communities must be noted. Only in 1988-1989, the production of phytoplankton was high, totalling 37.7 and 55.1 mg C·m -2· h -1 , respectively, as well as being statistically significant. The scope of changes of primary production ranged from 2.42 mg Cass·m -2 ·h -1 in 1986 to 77.9 mg C·m -2 · h -1 in 1989. The greatest variability of results occurred in 1993, with V = 60.2%. The differences between the annual primary production figures were statistically significant (L 0.05 = 16.17).
Chlorophyll a Concentration in Psammic Algal Communities
Since 1987, the determination of chlorophyll a concentration has been made during the same study periods and at the same sampling sites in which primary production was measured.
Changes in the quantity of chlorophyll a in the eupsammon demonstrated different trends from those observed for primary production (Table 2a) . Significantly higher levels were reported from the start of research until 1993, when record levels and annual averages reaching 386.76 mg·m -2 were reported, significantly different from annual averages for the other years (L 0.05 = 181.32). The following years showed a signifi- When comparing chlorophyll a concentrations in psammic communities with psammolittoral concentrations, the very low figures for phytoplankton and the opposite change patterns over time must be noted. The lowest concentrations and the lowest annual average figures were recorded in 1993 and 1998. In the other years, the average figures were comparable and ranged around some 6 mg·m -2 . The calculated confidence interval indicates that the differences between the annual average values from 1987 to 1998 were insignificant (Table 2c ).
Assimilation Numbers in Psammic Algal Communities
Figure 3 presents minimum, maximum and average annual values of the assimilation number as well as confidence interval ranges (L 0.05 ) for the individual communities.
In the psammon, the values were low and never exceeded 1. In the eupsammon, the assimilation number values ranged from 0.154 in 1993 to 0.992 in 1996, while the highest average annual figures were recorded in 1989 (0.708) and in 1996 (0.843). With the exception of 1996, in all other years, low V values were recorded (e.g., 14.4% in 1996) . The differences between the average annual values of the assimilation number were statistically significant (L 0.05 = 0.29).
In the hydropsammon, the values were slightly lower and the fluctuations ranged from 0.045 in 1987 to 0.88 in 1997. During that year also the highest annual average of 0.712 was recorded. The differences between average values were also significant (L 0.05 = 0.213). During the last years of research the coefficient of variation was low and ranged from 24 to 26%. On the other hand, for phytoplankton, the assimilation number levels were much higher, ranging from 1.16 in 1987 to 11.38 in 1989, with the average annual levels and coefficients of variation fluctuating from 2.95 in 1997 to 9.16 in 1989 and from 20.6% in 1988 to 56% in 1986 (Fig. 3) .
Correlation Between Algae Productivity and Concentrations of Nutrients Major ions in water
The correlation coefficients determined indicate that a positive relation (r >0.4) occurs only between primary production of the eupsammon and the phytoplankton of the psammolittoral, on the one hand, and concentrations of NH 4 -N, NO 3 -N, PO 4 -P, P tot. and K + in the groundwater from the piezometer, on the other. There is no such relation in the case of concentrations of nutrients and major ions in lake water, with the exception of P tot concentration (r = 0.48). In general, there is no correlation between the primary production of the hydropsammon or chlorophyll a concentration in all communities and the concentrations of macroelements in Table 2 . Values of chlorophyll a contents in mg m -2 of (a) eupsammon, (b) hydropsammon, and (c) phytoplankton in psammolittoral of Lake Piaseczno (a) Season 1987 Season 1988 Season 1989 Season 1993 Season 1996 Season 1997 Season 1998 groundwater and the psammolittoral lake water. However, there is a positive correlation between the values of the assimilation number of the psammolittoral phytoplankton and the concentration of macroelements in groundwater, e.g., r = 0.72 in the case of NH 4 -N concentration and r = 0.59 in the case of PO 4 -P and P tot concentrations (Table 9 and 10).
Nutrients in groundwater from piezometric and psammolittoral lake water
The concentrations of nutrients recorded in this study in lake water indicate lake fertility and indicate a threat of eutrophication. On the other hand, concentrations of these substances in piezometer groundwater indicate their transport from the surface layers of the soil to the ground- water, and potential input into the lake. It is there that they become part of the metabolic processes of aquatic organisms or are deposited in the bottom sediments. The measurements also indicate nutrient outflow from the lake into the adjacent soil during periods of water deficit.
Ammonium nitrogen (NH 4 -N )
During the period of research (1986-1998) ammonium nitrogen in groundwater showed significant fluctuations and ranged from 0.01 to 4.92 mg·L -1 . Its average value was highest in 1989 and differed statistically from the other values by L 0,05 = 1.18 (Table 3) . On the other hand, concentrations of this form of nitrogen in psammolittoral water were significantly lower, with the highest level recorded also in 1989. The differences between the average annual concentrations throughout the period of study were statistically insignificant. In 1996, the concentration of ammonium nitrogen in groundwater was 5 times higher than the lake water concentration, and in 1989 as much as 15 times higher (Table 4) .
Nitrate nitrogen (NO 3 -N)
In most of study periods, the concentrations of nitrate nitrogen in groundwater also fluctuated greatly and ranged from 0.04 to 12.4 mg·L -1 . High annual average concentrations of NO 3 ·N in 1988-1989 of 7.39 and 6.56 mg·L -1 with L 0,05 = 3.164 and much lower levels in the 1990's should be noted (Table 3) .
In the psammolittoral water, as in the case of NH 4 -N discussed above, research did not reveal any significant differences in the concentration of nitrates, and the highest values were also recorded in 1989 (0.124 mg·L -1 ). The relationship between the concentration of nitrates in groundwater and lake water concentration varied widely. In 1987 groundwater demonstrated 1.7 times the nitrate concentration of the lake water, and from 1989 onwards, as much as 300 times more than in the psammolittoral water (Table 4) .
Total nitrogen (N tot. )
Total nitrogen was determined only from 1984 to 1989. In groundwater, it indicated an annual upward trend, with its highest level recorded in 1988 (as high as 11.54 mg·L -1 [ Table 3 ]). In the lake's psammolittoral, slight fluctuations of total nitrogen were recorded, ranging from 1.40 to 2.18 mg·L -1 , but the differences between average values were insignificant. In 1986-87, the concentrations of total nitrogen in groundwater was two times higher than in the lake water, and in 1989 five times higher than in the lake water (Table 4) .
Phosphorus (PO 4 -P) and total phosphorus (P tot )
The concentrations of phosphate phosphorus in groundwater was highest again in 1989. In September of that year, the concentration of 2.7 mg·L -1 was recorded, and the annual average climbed to as high as 1.50 mg·L -1 . The coefficient of variation (V) was 73.4 %. From 1993 onwards, the quantity of PO 4 decreased to 0.11 mg·L -1 in 1998. The differ- Table 3 . Nitrogen concentrations in the groundwater from piezometer in the near-shore zone of Lake Piaseczno 1986 1987 1988 1989 1993 1996 1997 1998 Min. to max. Table 6 ].
NH4-N
A very similar pattern was recorded from total phosphorus both in ground and psammolittoral water. The fluctuations of the nutrient ranged from 0.08 to 3.28 mg·L -1 , respectively, and the differences between annual averages were also significant (L 0,05 = 0.723). In the psammolittoral water, concentrations fluctuated from 0.04 to 0.6 mg·L -1 , and differences between average values were insignificant (Tables 5 and 6 ).
Potassium and sodium
The concentrations of potassium in groundwater was not stable and fluctuated widely. Its highest level (19.2 mg K + · L -1 ) was again recorded in 1989, with the average for the year being 13.75 mg K + ·L -1 , and the lowest in 1997 being 3.89 mg K + ·L -1 .
As far as the sodium ion concentrations in groundwater is concerned, the last 3 years of research showed its rapid increase, reaching, a one-time value of 49.47 mg Na + ·L -1 and the annual average of 26.44 mg Na + ·L -1 . Compared to other annual averages, these differences were significant (for K + ions L 0,05 = 4.923, and for Na + ions L 0,05 = 11.054, Table 7 ).
The concentrations of potassium and sodium in the psammolittoral water demonstrated significant stability and relatively small changes, ranging from 1.86 to 4.10 mg K + ·L -1 and from 1.19 to 7.74 mg Na + ·L -1 . Low values of coefficients of variation and the significance of differences between average values were noticeable (for K + ions L 0,05 = 0.719 and for Na + ions L 0,05 = 1.625, Table 8 ).
Calcium and magnesium
The concentrations of calcium in groundwater from 1986 to 1988 was relatively low. It ranged from 3.51 to 19.23 mg Ca ++ ·L -1 , with the annual average value standing at some 10 mg Ca ++ ·L -1 . Between 1989 and 1998, a significant increase of calcium concentration was recorded, and in 1997 it reached the level of 50.45 mg Ca ++ ·L -1 (L 0,05 = 15.702 (Table 7) . On the other hand, as far as lake water calcium concentration goes, only 1989 showed a material increase in calcium quantity to 9.01 mg Ca ++ ·L -1 . In the other years, its concentration was relatively steady, below 10 mg Ca ++ ·L -1 . The differences between average values were statistically insignificant (Table 8) .
The concentrations of magnesium in both areas was lower and ranged from 1.2 to 15.50 mg Mg ++ ·L -1 and from 0.65 to 2.27 mg Mg ++ ·L -1 , respectively. In both cases the differences between averages were also statistically significant (for groundwater L 0,05 = 3.394, and for psammolittoral water L 0,05 = 0.878). Both in the case of univalent and bivalent ions, the relationship between groundwater and lake water concentration varied only slightly (Tables 7 and 8 ).
The information presented above indicates that the concentration of ions in groundwater at the shore of Lake Piaseczno are not stable and demonstrate significant variability, while in the close-by psammolittoral water their concentration are very stable and low, typical of very clean water, which places it by Polish standards within the first purity category.
Discussion
The results of the research conducted by D. Krupa indicate the presence of numerous species of algae in the sandy biotope of psammolittoral. from 1983 to 1998, a total of 135 species were identified. In the eupsammon, 84 species of algae were identified, and among them, 12 were found only in that community. A total of 95 species of algae were found in the hydropsammon, with 18 whose occurrence was limited to that community only. In the phytoplankton 68 species of algae were determined, including 15 typical of that community only.
During the period of research, a significantly higher proportion of Cyanoprocaryota was recorded in the eupsammon and hydropsammon (20.7-70.6% and 21.2-56.7%, respectively) than in the phytoplankton (2.8-30.9%). The percentage of green algae Chlorococcales, accounted for 15.6 to 58.8% in the eupsammon community, and 34.4 to 66.7% in the hydropsammon community. The dominating taxa among these were Scenedesmus and Chlorella. In addition, the eupsammon was found to contain a much higher percentage of Conjugales green algae, dominated by Cylindrocystis brebissonii. In this community, algae occurred on the surface of grains of sand, as well as at a depth of several cm, and demonstrated a high level of physiological activity there (Czernas 1991).
Zoopsammon present in the psammolittoral was mainly represented by psammobiontic rotifers, which in 1996-1998 included from 17 to 24 species. Their number in the eupsammon was higher than in the hydropsammon and plankton. The dominating species were Lecane psammophila and Elosa spinifera. In terms of its composition, the population of these organisms was similar to the population described in Lake Wigry (Radwan et al.1998) .
The stress that psammic communities are subjected to (significant daily changes in temperature, accumulation of large concentration of chemical compounds and mechanical mixing of the subsoil by visitors), in accordance with Conell's "disturbance theory" (acc. to Fabiszewski 1995) , increases diversity of species composition. This high diversity in terms of species composition found in the psammon indicates the significant role of that transitional zone (Radwan and Bielañska-Grajner 2001) . Therefore, the determination of the rate of physiological activity or organisms living here, among others, by measuring primary production is important, as it is virtually unknown.
The application of new original light and dark bottles (black bottle method), as described in this paper, to measure primary production in the psammic communities, helped explain the rate of production and its changes during the 12 years of research. The numerical results obtained in Table 5 . Phosphorus concentrations in the groundwater from piezometer in the near shore zone of Lake Piaseczno PO4-P 1986 PO4-P 1987 PO4-P 1988 PO4-P 1989 PO4-P 1993 PO4-P 1996 PO4-P 1997 PO4-P 1998 Min to max. the individual periods and research zones were relatively high and varied significantly (Fig. 4) . In the 1960s, the application of the oxygen method in Lake Piaseczno proved still premature since the data obtained were low and unreliable. Over the next years, increased productivity in Lake Piaseczno created conditions for measurements conducted in that way, both in the pelagial and psammolittoral (Wojciechowski and Czernas, unpublished data) .
Primary production has always been highest in the eupsammon. The application of the method enabled the exposure of samples with untouched structure, and the results obtained were much different from those obtained in 1983 -85 (Czernas et al. 1991 . On the other hand, the production values obtained using the sand bottle method in the individual years demonstrated a downward trend, and coefficients of variability (V) were much lower, which indicates a higher repeatability of results. The temperature differences in the individual test vessels most probably affected the primary production results. During the exposure, these difference could be as high as several degrees. The application of the sand bottle method resulted in eliminating these differences. Wetzel (1983) indicated primary production rates of phytoplankton and concentration of chlorophyll a in pelagial water characteristic of the individual types of trophic lakes. The rates are as follows: mesotrophic lakes, 250-1000 mg C ass ·m -2 ·day -1 and 2-15 mg·m -2 for chlorophyll, and eutrophic lakes: >1000 C ass ·m -2 ·day -1 and 10-500 mg·m -2 , respectively. If the rates indicated for the pelagic plankton could be directly applied to the communities of plankton in the psammolittoral and psammic algae, then the primary production figures obtained for the latter would suggest eutrophy of psammic habitats, while the phytoplankton production in the psammolittoral would suggest mesotrophic nature of Lake Piaseczno water.
The pattern of change in the eupsammon primary production averages, measured using new original methods and phytoplankton using the traditional method, was the same for both the communities. In 1988-89, the highest levels of primary production as well as the highest concentration of NH 4 -N, NO 3 -N in ground and lake water and PO 4 -P and P tot. in ground water (piezometer) were recorded. It is possible that this 2-year long nearshore zone productivity peak in Lake Piaseczno was a reflection of rapid eutrophication of the entire ecosystem, resulting from the input of nutrients from peatbog undergoing dehumification and mineralization at the opposite end of the lake (Wojciechowski and Gorniak 1990) . Throughout the period of research (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) , the relation between the eupsammon (E) primary production averages and the primary production averages of hydropsammon (H) and phytoplankton (P) were E : H : P = 3.4 : 1.9 : 1.
Primary productivity of both phytopsammic communities, determined from chlorophyll a concentrations, showed different patterns than the productivity measured in the direct way. The highest values of chlorophyll were recorded during the first years of research. On the other hand, in the phytoplankton, the highest concentrations of chlorophyll were observed also in 1988-1989, indicating mesotrophy. Throughout the period of research (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) , the relation between chlorophyll concentration averages in the eupsammon and in hydropsammon and phytoplankton were E : H : P = 33 : 25 : 1.
In most studies, the assimilation number calculated as the ratio of gross primary production and the concentration of chlorophyll a is given only for the pelagial and is sometimes used as an indicator of primary productivity and lake trophic level. The values of 0.1 to 1 indicate oligotrophy, 1 to 2 mesotrophy, and 2 to 6 eutrophic nature of water in a given reservoir (Ichimura 1968 , from Hindak 1978 . The corresponding values for psammic communities are virtually unknown, and therefore it is difficult to interpret them. In the shallow water of the psammolittoral, in which the physical and chemical conditions are completely different from those in the pelagial, assimilation numbers may prove not to be a reliable lake trophic level indicator. Their highest values were recorded in 1988, 1989 and 1993, similarly to the eupsammon and phytoplankton communities primary production measurements. The assimilation numbers for phytoplankton in the shore zone, e.g., 9.16 in 1989 and 2.95 in 1997, could be an indication of highly eutrophic nature of the lake water, unlike primary production and chlorophyll concentration.
The correlation between primary production, chlorophyll a concentration and the assimilation number, on the one hand ,and ion concentration in groundwater and lake water, on the other, was surprising. A high degree of correlation between the ion concentration in groundwater from the piezometer and the primary production of eupsammon and near-hore zone plankton was determined, with no correlation whatsoever with hydropsammon production (Table 9 ). The absence of such correlation or even the existence of an inverse correlation between the concentration of nutrients in the psammolittoral water and the primary productivity of algae communities, living not only in the psammon but even directly in the water, comes as a surprise (Table 10) . It may well be that the latter correlations are accidental.
The relationships presented in this paper prompt the need for detailed research of chemical attributes of water, not only in the pelagial and psammolittoral, but above all in the groundwater from the piezometer entering the lake. It suggests that the impact of that water on the biological productivity of the nearshore zone is much stronger than of the water in the lake itself. Table 9 . Correlation coefficients between major ion concentration in groundwater from piezometer and primary production, chlorophyll a concentration and assimilation number in algal communities in the near-shore zone of Lake Piaseczno Table 10 . Correlation coefficients between major ion concentration in psammolittoral water and primary production, chlorophyll a concentration and Lake Piaseczno 
